Post-traumatic renal failure is of particular concern to the armed forces because it is the commonest type of acute renal failure among service-men. Surveys during World War II (Lucke 1946) and the war in Korea (Schreiner 1967 ) revealed a high incidence of acute tubular necrosis among fatal military casualties. During the London Blitz Bywaters did work on crush anuria which laid the modern foundations of our knowledge of this condition (Bywaters & Beall 1941) . Kolff & Berk produced the rotating drum hmmodialyser in 1944 and this was followed a few years later by the twincoil hxmodialyser (Kolff et aL 1956) . These developments led to the creation of the Royal Air Force Renal Unit, which has now served both civil and military populations. Not unexpectedly, the greatest number of service casualties have come from the army, while the majority of all patients have been civilian, mostly drawn from north-west London and from areas centred upon Reading, Oxford, Cambridge and Northampton. With this large area to be covered, as well as all service hospitals overseas, it has been necessary at times to take the artificial kidney to treat patients who cannot be moved, and this mobility has become an integral part of the organization of the unit.
Ten years ago the treatment of acute renal failure was dominated by the technical difficulties of himodialysis. Between dialyses, reliance was placed on conservative management, with strict control of diet and fluid intake. Such manage-"Present address: The Princess Mary's Royal Air Force Hospital, Akrotiri, Cyprus, BFPO 53 ment may still be suitable for patients who have little underlying disease, but the more seriously ill patients require frequent dialysis. Much progress has been made in the techniques of repeated dialysis, not least because the problems involved are similar to those met with in the long-term treatment of patients with terminal chronic renal failure. With this increased ability to control renal failure it has become clear that survival is related to the underlying condition (Kirkland et al. 1966) . For this reason classification, always a difficult matter in acute renal failure, becomes important. In the post-traumatic category one may include all cases of accidental injury and burns, and, from a practical viewpoint, all surgical cases, except obstetric ones. These patients will have suffered serious initial injury which may require treatment in addition to, or even in spite of, the renal failure. It is this injury, and not the renal failure, that is the unifying common factor. In addition, these patients are often hypercatabolic owing to tissue necrosis and infection, perhaps aggravated by starvation and certain drugs such as tetracycline (Shils 1963) and corticosteroids. There is increased production of urea, body water and organic acids as well as release of potassium into the extracellular fluid. In combination with renal failure this leads rapidly to potassium and water intoxication, uremia and acidosis. The ill effects of renal failure are thus intensified by hypercatabolism.
From March 1965 to January 1968, 111 patients with acute renal failure were admitted to the renal unit. The starting point was chosen as the time when intensive hemodialysis of all hypercatabolic patients was introduced. There were 63 post-traumatic cases, of whom 34 (54%) survived. Of the remaining 48 patients, 32 (66%) survived.
Further analysis of the post-traumatic group reveals marked differences in survival rates between different types of patient. Accidental injury cases have shown a marked increase in survival rate during this period, apparently benefiting most from improvements in therapy, while all our patients with renal failure following burns died. This distressing failure with burns is a common experience in all renal units (Cameron & Miller-Jones 1967) . The mortality of post-operative patients was about 50 %, a disappointing rate that has not improved over the years. However, there is no doubt that mild cases are now treated at their own hospitals, so that the proportion of severe cases admitted to the unit is steadily increasing. Management of these patients is therefore becoming more difficult, despite advances in treatment. Success will depend on early diagnosis, efficient treatment of shock, early and then frequent dialysis, and prompt treatment of complications as they arise. There has been no major advance in early diagnosis. The average surgeon is rarely confronted with cases of acute renal failure. However, in well-defined circumstances, such as severe shock or crush injuries or jaundice (Dawson 1964 ), or following cardiopulmonary bypass (Grismer et al. 1964 ) a close watch on urine volume and blood urea would ensure that very few cases were missed.
The treatment of shock has been improved by using measurements of the central venous pressure to control fluid replacement. The use of mannitol, perhaps acting as an osmotic diuretic (Teschan & Lawson 1966) or influencing intrarenal blood flow (Stahl 1965), may have prevented many cases of incipient renal failure. Less happily it is noted that low molecular weight dextran (Rheomacrodex), which is often used to treat shocked and injured patients, has actually caused acute renal failure (Niall & Doyle 1966 , Morgan et al. 1966 ). The need for frequent dialysis has encouraged the use of peritoneal dialysis, but in our opinion it is not efficient enough to be the treatment of choice in hypercatabolic patients. Frequent hmmodialysis has been made possible by the development of cannulh for arteriovenous shunts (Quinton et al. 1960 ) and for percutaneous catheterization of femoral vein (Shaldon et al. 1964 ). The arteriovenous shunt was, of course, developed to facilitate the dialysis of patients with chronic renal failure. Since 1965 we have used a simple modified version. Arterial and venous catheters are identical, and each consists of a short Teflon piece permanently bonded to a straight length of Silastic tubing. They can be inserted quickly and easily, and clot removal is simple because they are straight. The catheters are united by further short pieces of Teflon and Silastic, as shown in Fig 1. From the beginning, the renal unit was equipped with the Kolff twin-coil hbemodialyser. For use in acute renal failure and in mobile dialysis situations, it has the advantages of being presterilizable, disposable, capable of quick assembly, and of being very efficient in use. However, for intensive dialysis the original twin-coil had several disadvantages. It was expensive (which becomes important when daily dialysis is performed) and required priming with blood. The original twin-coil held 1 litre of blood, and this quantity would often increase during dialysis if the coils were stretched. Most of the blood had to be discarded at the end of dialysis, which was not only wasteful but also meant that the patient had been exposed to all the hazards of blood transfusion without the benefits. Lastly, the very efficiency of the twin-coil could be a disadvantage if the patient was grossly urnmic and biochemically deranged, as rapid changes in the osmolality and pH of the blood might cause the so-called dialysis disequilibrium syndrome (Cowie et al. 1962 , Kennedy et al. 1962 ). The obvious need was for a smaller volume twin-coil which would be cheaper, would not require blood for priming, and be efficient enough to control uremia without undue risk of disequilibrium. These desirable characteristics are identical with those of a hemodialyser for use in the repeated dialysis of chronic patients, and it was this circumstance which hastened the production of the first small volume twin-coil apparatus, the Chron-a-coil. We were able to conduct an extensive clinical trial (Flynn & Bowden 1966) which demonstrated its usefulness in acute renal failure. The main disadvantage proved to be poor ultrafiltration, but further coils have since been produced which are much better in this respect.
Mobile Dialysis
Mobile dialysis is necessary for patients already in hospital who are unfit to be moved. By mobile dialysis is meant the heemodialysis by a team from the renal unit, at the parent hospital, of patients who are unfit to be movedthe term does not imply dialysis on the move because it is impossible to carry out hemodialysis in an ambulance or aircraft, although peritoneal dialysis was done on one of our patients while he was airborne. From the time unit opened until mid-1968, 63 patients were treated, 140 dialyses being performed.
It is essential that all the equipment is kept ready packed, both to avoid delay and to ensure that no vital piece is left behind. The artificial kidney machine employed for mobile dialysis is, of course, one that is in routine use in the unit, as the luxury of a spare machine is not possible. A machine built by the Royal Air Force, which is of robust construction and has a square tank, is the easiest to transport and has therefore been used the most. A special vehicle exists that can carry all the equipment and the medical team, but in emergency an ambulance can serve almost as well. The full equipment and two team members can be carried by a large helicopter, and all but the smallest aircraft are suitable. Hiemodialysis can be performed anywhere, provided there is a supply of electricity and water. Almost all tap water is suitable unless the calcium content is greater than that of normal blood. This can be tested by a simple chemical method and, if the calcium is high, distilled water must be added to correct this. Table 1 shows the type of patients treated by mobile dialysis. Accidental injury has been the single most common reason, as might have been expected. Drug overdose comes next; because these drug cases require only one dialysis it is often easier to use the mobile machine than to transfer the patients, particularly as they often require very intensive nursing. Cardiac surgery patients outnumber all other surgical patients, since they are very difficult to move because of electrocardiographic monitoring, cardiac pacemaking and artificial respiration equipment. Sometimes it is necessary to continue dialysis on a patient who cannot be moved, in which case team relays must be arranged.
Mobile dialysis is not an easy undertaking. It is not possible to have extra staff standing by and so a team must be assembled from those available when the need arises. A team consists of at least one medical officer and one trained nurse, although a junior nurse is usually available also. Mobile dialyses overseas place the greatest strain on the unit, because both staff and equipment may be away for a long time. Fortunately, it has usually been possible to bring these patients to the United Kingdom after they have been improved by dialysis. Aeromedical evacuation procedures are well-practised and efficient and there is little reluctance to move seriously ill patients. Table 2 shows the numbers of dialyses carried out overseas by the mobile team. Table 3 analyses the results of dialyses for the period March 1965 to January 1968. There were 146 patients admitted directly to the renal unit, with an overall mortality rate of 41 %.
During the same period 25 patients were treated by mobile dialysis, and of these 9 were then transferred to the renal unit. Out of the remainder, 7 patients were suffering with overdose of barbiturate or antidepressant drugs and did not have renal failure. As cases of drug overdose were dialysed only if the patient was exceptionally ill, the survival of 6 out of 7 is surprisingly good and at least suggests that the dialyses were of some value in the treatment. Of the remaining 9 patients with renal failure not admitted to the renal unit, 8 died. Patients for whom mobile dialyses were requested included a higher proportion of moribund patients than did those admitted directly, and this seems to account for their high mortality. The sole survivor was an interesting exception. He developed acute respiratory failure following a viral infection, and was treated by the mobile respiratory team from the Churchill Hospital in Oxford. After admission to the Churchill Hospital he was found to have acute renal failure. It was decided not to transfer him and 7 heemodialyses were performed as mobile procedures. He may be unique in having survived two forms of mobile care.
Patients admitted to the renal unit after mobile dialysis have a strikingly low mortality rate, which is not easily explained by comparing either their illnesses or their degree of renal failure with those of the fatal cases. However, they all received prompt emergency treatment, renal failure was diagnosed early and help was requested quickly; although the series is small, it is believed that the successful outcome was due to the combination of excellent initial treatment and early mobile dialysis.
Conclusion
Improvements in the diagnosis and early treatment of acute renal failure, including peritoneal dialysis, have resulted in an increase in the overall severity of cases admitted to the renal unit. Hypercatabolic patients need frequent hxemodialyses and this has been achieved by using techniques largely developed in the dialysis of patients with chronic renal failure. Mobile dialysis has been used frequently, not only when a patient cannot be moved but also to ensure that that any move is made under optimum conditions So In March 1961 a 30-year-old Royal Artillery captain was admitted to the renal unit at Princess Mary's Royal Air Force Hospital, Halton, in a serious condition following severe exercise performed on the Welsh hills. I will describe various aspects of his illness later (Case 1). This incident, and all that followed it, alerted me to the condition of exercise-induced muscle damage associated with pigmented urine, often accompanied by the onset of acute impairment of renal function.
Myoglobinuria or hemoglobinuria, due to exertion and associated with stiff and painful muscles, has been a known pattern of events for many years, particularly in military circles. It has often been confused, however, both in nomenclature and in descriptions of its effects with other causes of muscle damage, pigmented urine and renal failure. Before the subject is discussed in more detail it should be placed in perspective with regard to the other causes. Fig 1 indicates the more important conditions which may give rise to muscle changes, including necrosis and pigmented urine, in all of which renal failure can also develop. Direct trauma due to factors such as crush injuries, bums and electric shock is a well-known cause. Lesser known causes of muscle necrosis and renal failure are carbon monoxide and barbiturate poisoning (Howse & Seddon 1966 , Jackson et al. 1959 . Chronic alcoholics and those having acute bouts of heavy drinking can spontaneously develop severe myopathy, often aggravated by exercise (British Medical Journal 1966 , 1968 
